AD-A273  220 


OFnCE  OF  NAVAL  RESEARCH 
GRANT :  N00014-89-J-3062 
R&TCodc  4132084 


Technical  Report  No.  25 


Planar  Poly(p-phenylene)  Derivatives.  Ladder  Formation  for  Maximization  of  Extended  Ji- 

Conjugation 

by 

Tour,  J.  M.;  Lamba,  J.  J.  S. 


Accepted  for  Publication  in 
Polym.  Prepr.  (Am.  Chem.  Soc.,  Div.  Polym.  Chem.) 

Department  of  Chemistry  and  Biochemistry 
University  of  South  Carolina 
Columbia,  SC  29208 

November  22, 1993 


Reproduction  in  whole,  or  in  part,  is  permitted  for  any  purpose  of  the  United  States  Government 
This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is  unlimited. 


93-29300 

II  mu  mn  im  ^  W 

ifj 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
0MB  Mo  0704-0)88 


»,©•  (  "C  ’C'  >  .  *■  ertiC''  c*  ■n»e»r^*tiOr»  •»  to  >  *^OMf  9e'  »n<lw0'^9  ei'kliwg  04U  kOwKVk 

*9  <''0  0«t«  netoM.  (C**'0'eiing  «no  tt»e  .oll^aion  0<  Wnd  rMd'Oi^g  t^>k  bwrdeA  rkt>m4tf  or  Any  0tv>  •k0ect  O*  ttM» 

(Ci^OCt.^ri  inciting  kwgofkticrH  to>  rMudng  ihik  OwfOen  to  Adkt^iAgtOf*  »4#«00warttrt  Wr«icn.  0*recior«ic  'o'  Op^'ditO^H  *n4  ^eponk.  li  tS  i«t<erto«« 

Oovt  W'tf  Arlington.  ^?^Q;>430;  Antf  tc  0**t(e  o*  *nd  Budget  ^•pfrvhork  ^rO}ect(070d01|l)  Mrokhtngion.  DC  iP50) 


1.  AOIHCY  USE  ONLY  (itjve  bl^rxk) 


TITLE  AMD  SUBTITLE 


}  KEPOAT  DATE 

11/22/93 


Planar  Poly(p-phcnylenc)  Derivatives. 
Maximization  of  Extended  p-Conjugation. 


6.  AUTHOR(S) 


Tour,  J.  M.;  Ltimba,  J.  J.  S. 


3.  REPORT  TYPE  AND  DATES  COVERED 
Technical  Report 


5.  FUNDING  NUMBERS 

Ladder  Formation  for  ^  N00014-89-J3062 

R&T  4132084 


7.  PERFORMING  0RGANI2ATI0N  NAME(S]  AND  AOORESS(ES} 
Department  of  Chemistry  and  Biochemistry 
University  of  South  Carolina 
Columbia.  SC  29208 


performing  organization 

REPORT  NUMBER 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 
Department  of  the  Navy 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


Potym.  Prepr.  (Am.  Chem.  Soc.,  Div.  Polym.  Chem.)  1993, 34(2X  370. 


12<.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Reproduction  in  whole  or  In  part  is  permitted  ^or  any 
purpose  of  the  United  States  Government.  This  document  has 
been  approved  for  public  release  and  sale;  its  distribution 
is  unlimited. 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (MiJiimum  iOO  words) 


Described  is  the  synthesis  of  ladder  polymers  with  a  poly(p-phenylene)  (PPP)  backt»ne.  The 
main  PPP  backbone  was  synthesized  via  palladium-catalyz^  coupling  of  an  arylbis(boromc 
ester)  with  an  aryldibromide.  Imine  bridges,  formed  by  exposure  of  the  polymer  to 
trifluoroacetic  acid  or  HQ,  are  used  to  force  the  consecutive  units  into  planarity.  The  bridging 

units  are  sp2  hybridized  thus  allowing  for  greater  7i-electron  flow  between  the  consecutive 
phenyl  units  by  lowering  the  band  gap  between  the  hydroquinoidal  and  the  quinoidal  forms  of 
the  phenylene  backbone.  Upon  planarization,  baihochromic  shifts  of  210-240  nm  occur  for  the 
n-dodecyl  substituted  polymer.  The  optical  spectra  of  the  planar  systems  are  compared  to  that  of 
the  parent  nonplanarized  polymers,  oligo(p-phcnylenes),  PPP ,  and  other  near-planar  PPP 
derivatives.  When  the  bridges  are  n-dodecyl  substituted,  the  fully  planar  structures  can  be  made 
into  flexible  free  standing  films. 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 
Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 
Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 
Uncl.isslf  led 


IS.  NUMBER  OF  PAGES 


16.  PRICE  COOE 


20.  LIMITATION  OF  ABSTRACT 


NSN  7S£0'OV280-S500 


Standard  Form  298  (Rev  2-89) 


Planar  PolyO’-phenylene)  Derivatives.  Ladder 
Formation  for  Maximization  of  Extended  n- 
Conjugation 

James  M.  Tour*  and  Jaydeep  J.  S.  Lamba 
Department  of  Chemistry  and  Biochemistry 
University  of  South  Carolina 
Columbia,  South  Carolina  29208 

Poly(p-phenylene)  (PPP),1  a  highly  insoluble 
polymer  that  has  been  studied  extensively  for  its  possible 
electronic  and  photonic  applications,  has  a  23®  twistlc,2 
between  the  consecutive  aryl  units  due  to  ortho  hydrogen 
interactions  (Fig  1).  Attempts  to  enhance  the  solubility  by 

FIgur*  I 


23*«init 

substitution  of  the  rings  forces  the  consecutive  aryl  units 
even  further  out  of  plane  resulting  in  a  plummet  of  the 
extended  conjugation  (easily  observed  by  the  optical 
spectra).  Here  we  describe  a  synthetic  route  to  ladder^ 
PPP  derivatives  with  bridges  that  (1)  form  in  high  yields 
upon  protonic  activation  once  the  PPP  backbone  is  intact, 
(2)  can  be  substituted  so  that  the  newly  formed  polymer  is 
soluble,  unlike  many  other  aromatic  ladder  polymers,  (3) 
contain  a  double-bonded  unit  to  keep  the  consecutive  aryl 
units  planar  while  maximizing  extended  n-conjugation 
through  the  PPP  backbone  thereby  increasing  the  band 
width  (lowering  the  band  gap)  between  the  hydroquiniodal 
and  quinoidal  forms  (Fig  2),lc  and  (4)  can  be  film  cast  in 
the  uncyclized  form  followed  by  protonic  activation  to 
obtain  films  of  the  planarized  system. 

Our  retrosynthetic  approach  involved  two  key  steps 
(Scheme  I,  M  =  metal).  First,  imine  cleavage  to  the 


Scheme  I 


ketoamine  functionalized  PPP,  and  second,  bond  cleavage 
to  the  two  arene  systems  shown.  Since  Pd(0)-catalyzed 
oxidative  addition  reactions  are  facilitated  with  electron 
deflcient  ring  systems,"^  we  chose  to  keep  the  halides  on  the 
ketoaromatic  portion. 

After  several  nearly  quantitative  model  reactions,  we 
synthesized  the  two  key  monomers  needed  for  the  desired 
AB-type  step  growth  polymerization  (eqs  1  and  2).^  It  is 


1. CcKOAc),.  HOAc.  H8r 
0».>-Bu00eij-> 

2. CH,OH.  H’.SAM.S. 

3.  t  MNaOH 

4.  occx:oci 


1.  R  >  70% 

2.  R«n-CaHs.64% 


Jr-Q-Bf 


1. HNOiHiSO, 

2.  Sn072H30.  HO 

3. HOAc.a4o 


1. HN0,,(^S04 

2.  SnCI,-2Hp.  HO 

3.  NaH.  (BOChO 


HNBOC 

HNBOC 

3.33% 


remarkable  that  while  3  was  nearly  insoluble  in  ether,  it 
could  be  tetralithiated  in  ether  to  form  a  soluble 


intermediate  4  in  almost  quantitative  yield  (checked  by 
addition  of  TMSCl  and  isolation  of  the  arylbis(silane)  after 


aqueous  work-up).  Treatment  of  4  with  methyl  pinacol 
borate  afforded  the  monomer  5  which  could  be  purified  by 
passage  through  a  flash  chromatography  column  containing 
a  mixture  of  activated  charcoal  and  Celite  as  the  stationary 
phase  (silica  gel  or  neutral  alumina  caused  rapid 


decomposition  of  the  intermediate)  and  CH2CI2  as  the 
eluant  followed  by  recrystallized  to  form  pure  5.6 

Reaction  of  1  or  2  with  5,  in  the  presence  of  a  Pd(0) 
catalyst,  yielded  the  soluble  polymers  6  and  7,  respectively. 


from  which  size  exclusion  chromatography  (SEC)  could  be 
used  to  determine  the  hydrodynamic  volumes  relative  to 
polystyrene  (6:  63%  yield  after  fractional  precipitation, 
Mn  =  9.850  with  Afw/Mn  =  1.85;  7:  97%  yield  after 
fractional  precipitation,  Mn  =  28,400  with  Mw/Mn  =  3.70). 
Upon  exposure  of  6  or  7  to  triflu oroacetic  acid  (TEA), 
quantitative  loss  of  the  BOC  protecting  group  and 
cyclization  afforded  8  (90%  yield)  and  9  (97%  yield), 
respectively  (eq  All  stretches  for  the  ketone, 

carbamate,  and  amine  in  6  and  7  were  absent  in  the  FTIR 
spectrum  of  8  and  9. 


Samples  of  8  and  9  can  be  solubilized  with 
CH2CI2/TFA  (3:2)  mixtures.  Additionally,  7  can  form 
THE  solution-cast  films  then  be  cleanly  cyclized  by 
suspension  of  the  film  in  anhydrous  HCl/EtOAc  followed 
by  proton  removal  with  EtsN/NaOH  to  afford  9  as  a 
flexible  free-standing  film.  Again,  this  film  was  devoid  of 
ketone,  carbamate,  and  amine  absorptions  in  the  ETIR 
spectrum.  Therefore,  the  dodecyl  groups  are  apparently 
exerting  a  plasticizing  effect  so  that  even  this  planar  rigid 
rod  polymer  can  possess  good  film  forming  properties. 

Powder  X-ray  diffraction  (XRD)  of  annealed  8 
showed  a  broad  pattern  at  14  and  41  A  while  9  showed  a 
similar  pattern  at  27  and  45  A.  Differential  scanning 
calorimetry  (DSC)  (50-350°C,  20®C/min.  N2) 
thermograms  of  8  and  9  were  featureless  on  both  the  first 
and  second  heating  cycles.  Thermogravimetric  analysis 
(TGA)  (50-900°C,  20°C/min,  N2)  of  9  showed  an  onset  of 
major  weight  loss  at  4()0°C,  10%  weight  loss  at  434®C,  and 
50%  weight  loss  at  550®C.  The  TGA  thermogram  of  8  was 
similar. 

Most  exciting  is  the  optical  absoiption  data  showing 
enormous  bathochromic  shifts  in  the  polymers  upon 
cyclization  (conversion  of  6  to  8  and  7  to  9);  an 
observation  consistent  with  the  proposed  ladder  formation 
(Tabie  I).  Also  interesting  are  the  large  hypsochromic 


4 


shift  in  the  spectrum  of  protonated  9  (solution)  relative  to 
9  in  the  neutral  form  (solid),  suggesting  that  cationic 


nitrogen  atoms  retard  the  extended  conjugation.  The 
absorptions  of  these  planar  polymers  are  far  more 
bathochromically-shifted  than  those  of  the  planar  trimers,^ 
oligo(p-phenylenes),  and  PPP,10  while  the  Xmax  values  are 
in  the  range  of  other  near-planar  PPP  derivatives  that  have 
been  synthesized.  12 

Table  I.  Optical  Absorption  Data 


*^max  is  underlined,  (sh)  is  shoulder,  (ed)  is  tailing 
edge  at  ~10%  of  Xmax  intensity.  I’ Also  a  strong  carbonyl 
absorption  at  196  nm.  ^  Spectrum  recorded  on  the  acid 
solublized,  therefore,  multiprotonated  system.  ^^These  Xmax 
values  were  recorded  on  a  series  of  four  different  polymer 
samples  of  9  in  order  to  insure  their  reproduciblity.i  i 
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